Abstract. Coronary artery disease (CAD) is one of the leading causes of mortality in developed countries. Adenosine triphosphate (ATP)-binding cassette A1 (ABCA1) belongs to the superfamily of membrane proteins that function as a key factor in the regulation of plasma high-density lipoprotein cholesterol (HDL-C) and the metabolism of apolipoprotein A-I (Apo AI). The role of this gene in CAD remains controversial. The aim of this study was to investigate the frequency of single-nucleotide polymorphism (SNP) rs2230806 in the ABCA1 gene of 120 CAD patients and 100 age-matched, healthy controls using restriction fragment length polymorphism and direct sequencing. Total serum cholesterol, HDL-C and serum triglyceride levels were also assayed. Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula. When compared, the G allele occurred significantly more frequently in CAD patients compared to the control subjects. The odds ratio (OR) for CAD conferred by carrying the ABCA1 G allele was 2.362 [95% confidence interval (CI) 0.9055-6.161] (P<0.08). The K variant of SNP rs2230806 in the G allele was associated with a decrease in HDL-C levels, but an increased frequency of CAD. In conclusion, the results showed that SNP rs2230806 in the ABCA1 gene is significantly associated with the incidence of CAD. Homozygosity for the G allelic variant in CAD patients may be associated with an increased risk of CAD/MI.
Introduction
Coronary artery disease (CAD) is a complex disease that develops due to environmental, lifestyle and genetic factors. Clinical and epidemiological studies have demonstrated an inverse association between high-density lipoprotein cholesterol (HDL-C) concentrations and cardiovascular disease risk (1, 2) . This association is supported by the anti-atherogenic properties of HDL-C; in particular, HDL-C functions in reverse cholesterol transport (RCT) (3) . The initial step in RCT is regulated by adenosine triphosphate (ATP)-binding cassette A1 (ABCA1), which participates in the apolipoprotein-mediated efflux of cholesterol and phospholipid from peripheral cells (3) . The identification of mutations in the ABCA1 gene in patients with Tangier disease, a rare disorder characterized by the absence of HDL (4), suggests a significant role for ABCA1 in regulating HDL-C levels. ABCA1 is a transmembrane protein that mediates the efflux of cholesterol and phospholipid to apolipoprotein A-I (Apo AI). This is the first step in RCT, the process by which cholesterol from peripheral macrophages is transferred back to the liver. Thus, ABCA1 availability is considered the rate-limiting step in HDL production (5) .
Although HDL is involved in numerous atheroprotective mechanisms, the relative activity of ABCA1 plays a significant role (6) . Evaluation of common genetic variations in the ABCA1 gene may be critical to understanding the contribution of ABCA1 to inter-individual variability in plasma lipid levels and susceptibility to CHD in the general population. Several common polymorphisms of the ABCA1 gene may differentially affect HDL-C levels and may be of clinical importance (7) (8) (9) (10) (11) (12) . The common rs2230806 single-nucleotide polymorphism (SNP) of the ABCA1 gene has been associated with an effect on HDL-C concentrations in some populations, suggesting that this SNP is of clinical importance (13) (14) (15) (16) . However, the presence of this polymorphism did not result in a consistent effect on HDL-C and other circulating lipids. The aim of the present study was to assess the impact of a common SNP of the ABCA1 gene (rs2230806) on the HDL-C concentration and the related plasma lipid profile in the Saudi Arabian population.
Materials and methods
Patient population. This study was approved by the Clinical Research Ethics Committee of the Institutional Review Board of King Saud University. In total, 120 Saudi patients with CAD (68 male, 52 female; mean age ± standard deviation, 39.8±15.2 years) and 100 ethnically matched, healthy controls from Riyadh, Saudi Arabia (60 males, 40 females; age-matched) were included. At least 95% of the patients were previously diagnosed with CAD based on their electrocardiographic Involvement of ATP-binding cassette, subfamily A polymorphism with susceptibility to coronary artery disease profiles. None of the subjects had a history of diabetes, hypertension or hypercholesterolemia. None of the subjects recruited for the study were ingesting lipid-lowering drugs, and those with triglyceride levels ≥400 mg/dl were excluded from the analysis. All of the study subjects provided informed consent as per the protocol approved by the Ethics Review Board.
Determination of lipid parameters. Serum total cholesterol, HDL-C and triglyceride levels were measured by standard enzymatic methods, including the cholesterol oxidase-peroxidase-amidopyrine method (Roche Diagnostics, Mannheim, Germany) and the glycerol phosphate oxidase-peroxidase-amidopyrine method (Roche Diagnostics). Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula if total cholesterol, triglyceride and HDL-C values were available. Serum samples were separated by centrifugation and stored at -70˚C until determination of the lipid parameters.
Genotyping the rs2230806 polymorphism by restriction fragment length polymorphism (RFLP). DNA was extracted using a Qiagen kit according to the manufacturer's instructions. The presence of SNP rs2230806 (R219K variant) in exon 7 of the ABCA1 gene (c.969A→G) was determined for each sample. The presence of the missense mutation at nucleotide 969 (AGG to AAG), which leads to the replacement of arginine with lysine at codon 219, was evaluated in genomic DNA by polymerase chain reaction (PCR)-RFLP analysis, according to methods described by Cook et al (17) . A 333-bp PCR product was generated using forward 5'-TCC AAAAGACTTCAAGGACCCAGCT-3' and reverse 5'-AAGT CATGCTGTCCAAGGAAAA-3' primers. PCR was performed in a 96-well microtiter plate in a 25-µl volume containing 50 ng of genomic DNA, 5 µM of each primer, 2.5 µl of 10X buffer, 20 nM each of dATP, dCTP, dGTP, dTTP and 1 unit of Taq polymerase (HotStarTaq; Applied Biosystems, Carlsbad, CA, USA). Initial denaturation at 94˚C for 2 min was followed by 40 cycles of denaturation at 94˚C for 15 sec, annealing at 55˚C for 30 sec and extension at 72˚C for 1 min, with a final extension at 72˚C for 2 min. The PCR products were digested with Cac81 (New England Biolabs, Ipswich, MA, USA) for 4 h and separated by electrophoresis on a 2% agarose gel containing ethidium bromide. The 333-bp PCR product was not digested in homozygous wild-type samples (AA), whereas samples from individuals heterozygous for the missense mutation caused by rs2230806 (AG) demonstrated 333-, 189-and 144-bp bands. Samples from individuals homozygous for the missense mutation (GG) were cleaved into two fragments of 189 and 144 bp. Subsets of the samples were also directly sequenced.
Direct sequencing. Briefly, purified PCR products were directly sequenced using the dideoxynucleotide chain-termination method with an ABI PRISM Big Dye Terminator v3.1 Cycle Sequencing kit, following the manufacturer's instructions and processed on an ABI 3730xl capillary sequencer (Applied Biosystems). Sequence analysis was performed using the SeqMan 6.1 module of the Lasergene software package (DNAStar Inc., Madison, WI, USA), and the sequences were compared with the reference GenBank sequence.
Statistical analysis. Data are presented as means ± SD. The association between CAD occurrence and the SNP genotype and allelic frequencies were measured by the odds ratio (OR) with its confidence interval (CI). The degree of significance was calculated using the Chi-square method. P≤0.05 was considered to indicate a statistically significant difference. The Hardy-Weinberg equilibrium (HWE) and deviation from HWE for genotype distribution were tested for each SNP for statistically significant association with CAD in order to examine the effects of genotype frequencies in the population by comparing the observed to the expected genotype frequencies.
Results
The characteristics of the patients and control subjects, including the presence of traditional risk factors for CAD, are provided in Table I . The mean age of the control subjects was 39.8±15.2 years. There was a significant difference in the mean age between the two groups. To assess the important genotype-phenotype associations, plasma lipid profile determination and genotyping were performed for the control (n=100) and patient (n=120) samples. A comparison of the plasma lipid parameters and the genotypic data revealed significant differences between the control and patient groups. The lipid profiles for CAD patients and healthy control subjects are provided in Table I . The results indicated that the mean levels of TC and LDL-C in the CAD group were significantly higher than those observed in the control group. CAD patients had significantly higher TG levels (P<0.001), and HDL-C levels were significantly lower in CAD patients as compared to the controls. All of the subjects selected for the study were non-smokers.
Distribution of the rs2230806 genotypes in the CAD and control groups. The observed genotype frequencies in each case demonstrated Hardy-Weinberg equilibrium, as indicated by the P-values (Table II) . The genotype distribution and allelic frequency of exon 7 rs2230806 variants of ABCA1 are provided in Table III for CAD patients and control subjects. The frequencies of the rs2230806-associated genotypes GG, GA and AA were 84, 33 and 3% for CAD patients and 60, 35 and 5% for control subjects, respectively. Moreover, the allelic frequency of the G allele was significantly higher in CAD patients compared to the controls, suggesting that the variant confers a higher risk for developing disease. The crude OR for CAD conferred by carrying the ABCA1 GG genotype was 2.333 (95% CI 0.537-10.140), P<0.05 (Table III) .
Association of the rs2230806 polymorphism with CAD and plasma lipid profiles. Controls and patients were divided into two subgroups with normal and high observed values for serum lipids (Table IV) . In each of the subgroups, individuals carrying the K allele presented higher triglyceride levels; however, there was no evidence of a more pronounced phenotype in the older patients. There was no significant difference in the correlation between age and HDL and triglyceride levels in individuals carrying different rs2230806 (R219K) genotypes (data not shown). An analysis of the relationship between plasma lipid profiles and genotypic Table II . Genotype distributions and allelic frequency of rs2230806 in the ATP-binding cassette A1 (ABCA1) gene. Data are presented as percentages, unless otherwise specified. The odds ratios were calculated by using the wild-type genotype as the reference group. The odds ratios for coronary artery disease (CAD)-associated genotypes with lipid parameters for CAD patient samples versus controls demonstrated a significant association of lower high-density lipoprotein-C (HDL-C) levels with GG genotypes. LDL-C, low-density lipoprotein-C. background demonstrated an association between the G allele and decreased HDL levels. The K variant of the G allele was detected at a higher frequency in CAD patients compared to the controls, suggesting that the K variant of the G allele is likely a genetic risk factor for CAD. The multiple logistic regression analysis of the association of the ABCA1 rs2230806 G allele with HDL yielded an OR of 1.73 (95% CI, 1.026-2.864) ( Table IV) , suggesting that individuals carrying the G allele may have a low HDL-C profile and thus, an increased relative risk of developing CAD. The results of this study suggest that the GG genotype for the ABCA1 gene is associated with CAD in the Saudi population. However, when gender was analyzed separately, the K allele was present less frequently in females compared to males (data not shown). In a subset of the samples, sequencing was used to validate the GG, AA and GA genotypes of the R219K polymorphism that were identified by RFLP (Fig. 1) .
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Discussion
ABCA1 mediates the cellular efflux of cholesterol via the transfer of cholesterol from the inner to the outer layer of the cell membrane, thereby regulating extracellular cholesterol levels in the heart and central nervous system. Attention has been focused on the association between ABCA1 gene polymorphisms and different phenotypes, including lipid variables and clinical endpoints (18) (19) (20) (21) . Our results showed a significant association of rs2230806 with CAD, which is consistent with studies conducted on other populations and ethnicities (9, 20, 21) . We also observed an association between triglyceride levels and the R219K polymorphism, but no significant associations were observed for other lipid parameters. The most common missense polymorphism in the coding region of the ABCA1 gene is R219K, with an allelic frequency of 25-46% in the Caucasian population. Two large studies including 2,028 and 794 individuals resulted in contradictory conclusions regarding the possible role of rs2230806 (R219K) in arteriosclerosis. One study reported an elevated R219K allelic frequency in patients with CHD and a low HDL level compared to disease-free individuals, suggesting that the mutant allele is likely associated with decreased HDL levels, the promotion of arteriosclerosis and the subsequent development of CHD (11) . The other study reported a decreased R219K allelic frequency in patients with CHD in conjunction with high observed levels of HDL, suggesting that the mutant allele conferred a protective effect (22) . The reason for the inconsistency between the various studies remains to be determined. However, the frequency of ABCA1 G allele is variable between different races and ethnic groups. This polymorphism has been shown to be associated with triglyceride levels (22) , but not with HDL-C levels (9, 21) . Our results are consistent with the observations concerning triglyceride levels reported in those studies. However, to the best of our knowledge, the present study provides the first evidence for an association between an ABCA1 gene polymorphism and decreased HDL-C levels.
In this study, we observed a correlation between the R219K allele and lipid parameters, although the observed associations were not very significant, except for the associations with HDL-C levels (P=0.02). Total HDL-C levels were low in the CAD patient group and the presence of the rs2230806 polymorphism was correlated with these lower levels, suggesting that this polymorphism is a genetic risk factor for CAD in the Saudi population. Lutucuta et al (23) reported the effects of polymorphisms in the promoter of the ABCA1 gene on coronary atherosclerosis. However, findings of this study provide evidence for the importance of rs2230806 in the ABCA1 gene in the development of CAD with low levels of HDL-C within a specific population. Thus, this SNP is a potential genetic biomarker that may be used to screen individuals at high risk of CAD.
In conclusion, we identified significant allelic frequency increases in the K allele in the patient group, suggesting that theR219K polymorphism is a potential risk factor for CAD in the Saudi Arabian population. The K allele was highly associated with high triglyceride and low HDL-C levels in the CAD patient group, suggesting a possible role for the ABCA1 gene in the promotion of CAD via its function in decreasing HDL-C levels. However, future investigations should focus on the association between the K allele and CAD in other populations, as the disease association of this polymorphism may be population-dependent.
